The nature of infective shock is considered with reference to a group of patients. C1lrrent management is outlined.
In spite of the development of potent antibacterial drugs, life threatening bacterial infection remains a common problem in all major general hospitals and infective shock continues to be a great challenge to the intensive therapist. Table 1 shows the diagnosis and bacteriology of 10 patients with severe infection, five of whom died. All were hypotensive at some stage of their illness and all complied with the definition of shock as described in previous papers (Dietzman and Lillehei 1969, Morton 1972) .
HAEMODYNAMIC ABNORMALITIES IN INFECTIVE SHOCK
It appears that there are two syndromes, one due to endotoxaemia and the other to septicaemia, the latter often following the former. In disorders such as peritonitis there often does not seem to be an initial endotoxaemic phase particularly if hypovolaemia has been avoided. Also the septicaemic process may be relatively insignificant if endotoxaemia is promptly treated and appropriate antibiotics administered.
(a) The Endotoxic Syndrome
This occurs characteristically several hours after a urological procedure although other forms of instrumentation such as exploration of the common bile duct may precipitate the shock state.
Before becoming shocked these patients often feel extremely unwell and the elderly may become confused and agitated. The writer has treated several patients who were sedated because they had been disturbing the ward, the cause of the agitation having been overlooked by an inexperienced resident.
Endotoxins cause shock either because of excessive adrenergic vasoconstriction (Dietzman and Lillehei 1969) or, because of pooling of blood in venules (Border 1970 ). There follows a sharp fall in venous return and cardiac output resulting in microcirculatory ischaemia, anaerobic metabolism and lactic acidosis. As a result of the acidosis, arteriolar dilation occurs and the microcirculation becomes stagnant. Finally, thrombosis occurs and hypoxic cellular damage results. The patient characteristically has a blotchy cyanotic appearance due to stagnation of blood in skin venules.
(b) Septic Syndrome
This is seen, for example, in patients with severe peritonitis. Sepsis causes tissue injury so that oxygen uptake and utilization are impaired (Duff et at. 1969) and presumably in an attempt to enhance tissue oxygen delivery these patients characteristically have a high cardiac output and they are very vasodilated. Their limbs may be warm until quite late in the illness even though they have marked arterial hypotension because of low peripheral resistance. However, sooner or later presumably because of myocardial failure, cardiac output falls and the limbs become cold and cyanosed. Tissue oxygen delivery becomes increasingly inadequate and progressive lactic acidosis and tissue injury follow. Survival is very unlikely when this stage is reached.
COMPLICATIONS OF INFECTIVE SHOCK (a) Circulatory
Septicaemia has a direct cardiac depressant effect (Cann et al. 1972) demanded by tissue oxygen requirement may not be maintained. Table 2 shows the haemodynamic measurements made on four of the patients described in Table 1 . The first of these four patients was hypotensive (systolic B.P. 80 mmHg) but urine flow was satisfactorv and serum lactate was not elevated. Thus the high cardiac output was sufficient to maintain tissue oxygenation. The second and third patients were both grossly hypotensive when these measurements were made several hours before death. In spite of a blood pressure in the range of 50-60 mmHg systolic both had a cardiac output within the normal range. Patient four was also markedly hypotensive (systolic B.P. 75 mmHg) and his limbs were cold and cyanosed. Cardiac index was 1·9 litres which although not severely reduced in relation to normal was very low in relation to ti5sue requirements. The' serum lactate and the blood volume were both elevated and there was no response to steroids or isoproterenol. However, with glucagon infusion tissue perfusion improved, the blood pressure rose to 110 mmHg systolic and the cardiac index increased to 3" 0 litres per minute.
Every patient in this series was grossly hypoxaemic when shocked and all required inspired oxygen concentrations of 50 per cent or more to maintain an arterial P0 2 of 70 mmHg. All had X-ray evidence of lung congestion and interstitial oedema. Eight of the 10 required respirator support at some time during their illness. The five who died showed the following characteristic histological features of the respiratory distress syndrome (pneumonopathy) (a) Emboli in small blood vessels. (1) Commencing fibrosis. In infective shock there is initially pulmonary microembolization from microcirculatory beds in which thrombosis (intravascular coagUlation) has occurred (Robb, l\Iargulis and Jabs 1972 , Hardaway et al. 1967 , }lilligan et al. 1974 , Blaisdell, Lim and Stallone 1970 alveolar deposition of protein material Superadded infection invariably supervenes with inflammatory cell infiltration and alveolar and bronchial exudates (in the patients with inhalation of vomitus, an extremely severe destructive bronchopneumonia is an early feature) (Figure 2) . Finally, progressive pulmonary fibrosis may occur in those patients living for several weeks after the onset of the pneumonopathy (Figure 3) . It is likely that prolonged inhalation of high concentrations of oxygen contribute significantly to the progression of the lesion.
F,GURE 2.-Histology Case!J. Patient died six days after resection of a colonic carcinoma of peritonitis due to a leaking anastomosis. Note alveolar wall oedema, haemmorrhage, alveolar exudate and hyaline membrane deposition.
(c) Renal Sepsis depresses renal function quite severely and every patient described in this paper had a markedly elevated blood urea. This was usually associated with a satisfactory urine output once hypovolaemia had been corrected (i.e. there was "so called" high output renal failure). In patient 3 who had renal failure secondary to peritonitis due to a undiagnosed perforated peptic ulcer, an excellent result was obtained with peritoneal dialysis instituted immediately after the ulcer was oversown (McKenna et al. 1970) .
Marked oliquria is usually associated with the acute hypovolaemia of the endotoxic syndrome. 
(d) Haematological
Thrombocytopaenia of ]40,000 or below was present in everyone of the cases reviewed here. In one case the platelet count was reduced to 60,000 and in another to 13,000. This thrombocytopaenia is due to consumption of clotting factors because of intravascular thrombosis (l\Iilligan et al. H17 4). The patient with a platelet count of f)O,OOO although bleeding following laparotomy, was not hepatinized as the cause of his illness, a loop of strangulated intestine, had been removed and recovery was satisfactory. The patient with the platelet count of 13,000 was heparinized and recovered from pneumococcal septicaemia. Sparing use of heparin together with replacement of blood loss with fresh blood whenever available will usually control the consumptive coagulopathy of infective shock, provided any initiating condition such as a gangrenous leg or loop of intestine has received appropriate surgical treatment.
(e) Gastrointestinal In three of the five patients in the present series who survived, there was severe gastrointestinal bleeding in the period following recovery from shock. In one case, this was due to bleeding from a chronic peptic ulcer which required operative treatment. In the other two cases it was presumably due to stress ulceration associated in one case with steroid drugs.
Four of the patients who died were jaundiced at the time of death and yet none showed any evidence of biliary obstruction or portal pyaemia. The jaundice was thus presumably due to hepatocellular injury.
TREATMENT
As with all forms of shock in which hypovolaemia may be present, attention must be directed first to restoration of the circulatory fluid volume. In the ] ° patients reviewed in the present study, the average plasma protein level was 5·2 G per cent when admitted to the intensive therapy unit and for this reason it is desirable to use stable plasma protein solution (S.P.P.S.) as the basic replacement fluid. This hypoproteinaemia arises because of capillary injury resulting in a loss of albumin and fluid from the circulation. Sepsis injures capillaries directly; endotoxaemia results in stagnation, thrombosis and hypoxic darrage to them.
Although volume replacement is the cornerstone of the treatment of these patients, their susceptibility to developing pulmonary oedema due to pulmonary vascular injury makes it imperative that over-correction of fluid deficit and excessive use of crystalloid solutions be avoided.
In acute endotoxic shock it is desirable to measure the central venous pressure (c.V.P.) serially during fluid replacement which must be made rapidly in increments of about 200 ml. However, as lung capillary injury may lead to the development of lung oedema at low left atrial pressures and as there may be a considerable discrepancy in right and left heart performance with left atrial pressure rise before there is any rise in the C.V.P., measures other than C.V.P. monitoring must be undertaken if fluid overload is to be avoided.
It is important to perform serial portable chest X-rays using a high quality machine and a standardized technique with the patient in a semi-erect position. Rises in left atrial pressure causing pulmonary venous hypertension and increases in the fluid content of the lungs can be detected in this way at a relatively early stage (Morton and Ebert 1974, Milne 1973) . Then should pulmonary oedema occur, measurement of the pulmonary capillary wedge pressure with a Swan-Ganz catheter, if available, will detect those patients in whom left heart failure is contributing to its formation.
In septic shock (for example due to peritonitis) the patient may be hypovolaemic or hypervolaemic depending on the aggressiveness of his treatment before becoming shocked. His disease will make him hypovolaemic but frequently these patients will have received aggressive fluid therapy for several days in the surgical wards before becoming shocked and thus may in fact be hypervolaemic. In addition infused salt and water are often retained tenaciously by these very ill patients and peripheral and lung oedema may in fact be present. Chest radiography together with the measurement of the circulating blood volume with radio-iodinated serum albumin (125 I-R.I.S.A.) is a means of assessing the volume replacement needs of these patients who often have a normal C.V.P. in spite of obvious fluid overloading.
Simultaneously with the restoration of circulating fluid volume, appropriate antibacterial therapy must be prescribed. Immediate bacteriological testing must be available so that antibacterial therapy is not delayed. Blood, urine, sputum and any exudate must be collected for culture and sensitivity testing. The antibiotics prescribed will depend on information available from the bacteriology department; however, very often one must treat life threatening infection before such information becomes available. Under these circumstances the antibiotic combination of choice for infections probably arising from the gastrointestinal tract is gentamicin and lincomycin as bacteroides organisms are becoming increasingly important in this type of infection and they are usually sensitive to the latter drug (Murphy 1974) . In infection arising in other areas, such as the lung and urinary tract, a combination of gentamycin and sodium cepalothin has proved satisfactory in our hospital although other institutions may find the latter drug unsatisfactory because of the emergence of resistant strains of bacteria, particularly staphylococci and klebsiella organisms.
Of paramount importance is the correction of arterial hypoxaemia and acidosis. The former can often be alleviated by the inhalation of inspired oxygen concentrations of about 50 per cent via an M.C. mask; if a Pa0 2 of 70 mmHg cannot be maintained by this method, artificial ventilation must be seriously considered. Respiratory acidosis is not common in this illness but if present, it must be treated with artificial ventilation. Metabolic acidosis is an invariable accompaniment of severe shock in which anaerobic metabolism leads to the production of lactic acid and infusion of sodium bicarbonate is required for its correction.
Should urine flow not resume satisfactorily with appropriate rehydration, mannitol infusion and frusemide injection are indicated in an effort to preserve renal function. In addition, if improvement is not quickly obvious at this stage the patient should receive a single massive dose of a steroid preparation and digitalization should be commenced.
A single massive dose of steroid will frequently improve the patients haemodynamic status after about 30 minutes as it restores peripheral resistance towards normal and aids cardiac contractility (Wilson and Fisher 1968, Dietzman and Lillehei 1969) . In addition, it appears to protect cell membranes against the injurious effects of endotoxaemia and septic shock (Wilson 1972 , Spath, Gorczynski and Lefer 1973 , Christy 1971 and to interfere with the activation of endotoxin by inhibiting its reaction with complement.
The use of digitalis is controversial, largely because of the sensitivity of these very ill patients to this potent drug, but this problem can be overcome by using small doses of digoxin (i.e. about half the digitalizing dose recommended in standard text books). There is no doubt that cardiac performance is compromized in severe shock (Carey et al. 1967) and that digoxin is a useful drug for the treatment of heart failure in infective shock (Hinshaw et al. 1973) . It is the writers present practice to measure the pulmonary capillary wedge pressure in patients suspected of having myocardial failure; digoxin is prescribed if the mean wedge pressure is more than 12 mmHg above the mid-axillary line.
Should the patient fail to respond to the above measures, prognosis is poor. It is, however, rational to study the haemodynamic defect accompanying the shock state as it is possible that some success will result from using appropriate treatment to correct the baenlodynamic abnormality concerned. For example, if the patient has myocardial failure, glucagon may be indicated (Guillen and Pappas 1972) or if there is a high peripheral resistance 'an alpha sympathetic blocking drug such as chlorpormazine may be beneficial.
:'IIany clinicians use an isoproterenol or adrenalin infusion to treat resistent infective shock.
Finally and perhaps most importantly, it is necessary to emphasize the importance of the appropriate surgical treatment of sepsis. ;\Iost potentially preventable deaths due to infective shock are associated with a surgical lesion such as a leaking anastomosis or perforation or an intra-abdominal abscess. The agressive surgical treatment of these lesions, as soon as the patients circulatory state has been stabilized by appropriate therapy, is the most important single factor which will improve prognosis in infective shock.
